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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

MARIOTTIetal Atty. Ref.: 3573-11 

Serial No. to be assigned Group: 
Filed: December 13, 2001 Examiner: 

For: SYSTEM OF DIGITAL PHASE AND AMPLITUDE MODULATION (PSK/ASK) 

*********** 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

In order to place the above-identified application in better condition for 
examination, please amend the application as follows: 

IN THE CLAIMS 

Please amend claim 3 as follows: A copy of the amended claim showing current 
revisions is attached. 

3. {AMENDED} Method of modulation as claimed in claim 1, which is provided 
by means of a circuitry comprising in cascade a bit source, a digital phase modulator 
(PSK) in baseband and, in a single block, a voltage controlled oscillator, a multiplier and 
a power amplifier. 
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MARIOTTI et al 

Serial No. to be assigned 

Please add new claim 4 as follows: 

— 4. {AMENDED} Method of modulation as claimed in claim 2, which is 
provided by means of a circuitry comprising in cascade a bit source, a digital phase 
modulator (PSK) in baseband and, in a single block, a voltage controlled oscillator, a 
multiplier and a power amplifier. — 

REMARKS 

The above amendments are made to place the claims in a more traditional format. 

Attached hereto is a marked-up version of the changes made to the claims by the 
current amendment. The attached page(s) is captioned " Version With Markings To 
Show Changes Made ." 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 

December 13, 2001 By: ffflii2f)\ te^ ZAsaatxA 

H. Warren Burnam, Jr. 
Reg. No. 29,366 

HWB:lsh 

1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE CLAIMS 

3. {AMENDED} Method of modulation as claimed in [claims 1 and 2] claim 1, 
which is provided by means of a circuitry comprising in cascade a bit source [(1)], a 
digital phase modulator (PSK) [(2)] in baseband and, in a single block, a voltage 
controlled oscillator [(3)], a multiplier [(4)] and a power amplifier [(5)]. 
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"SYSTEM OF DIGITAL PHASE AND AMPLITUDE MODULATION (PSK/ASK)" 
OOO0OOO 

FIELD OF THE INVENTION 

This invention refers to a system of phase and amplitude 
modulation (PSK/ASK) , which allows a significant improvement 
of the spectral efficiency, with a small increase of the 
complexity of construction. 

Namely, this system provides a simple way to increase 
spectral efficiency (i.e. to increase bit rate with the same 
spectrum occupancy) with a minimum impact on transmitter 
complexity, allowing however a working point of the same very 
close to the saturation, and with small requirements on phase 
noise, with respect to the conventional linear RF 
transmitters, which utilise non-circular constellations of 
the type M-QASK. 

STATE OF ART AND RELATED PROBLEMS 

The linearity of the transmission chain - particularly 
in the last stage of said chain, which is the power amplifier 
(that should be allowed to work far enough from its 
saturation, i.e. to exhibit a sufficient output back-off to 
provide amplitude modulation) - and the stability of the RF 
oscillator are among the most severe requirements in medium- 
high capacity radio systems. 

In a traditional system of quadrature amplitude 
modulation (QAM) or in a traditional system of amplitude and 
phase modulation (PSK/ASK) it is possible to achieve, by 
ensuring a. very low RF distortion and a very low phase noise, 
to meet quality requirements (low bit error rate - BER) for 
the modern telecommunication networks. However, this causes 
design difficulties and, accordingly, high costs. 

This invention aims at achieving the same results in a 
much more simple way, obtaining a high increase in the 
spectral efficiency, a high operation flexibility and a high 
reliability of the system performance. Since the invention 



WO 00/77997 



PCT/IBOO/00786 



2 

requires a very small increase of system and hardware 
complexity, it also lowers the production costs. 
SUMMARY OF THE INVENTION 

With the above aims, this invention refers to a system 
of phase and amplitude modulation (PSK/ASK) of a single 
information flow, characterised in that a phase modulation in 
baseband and a RF frequency modulation are performed 
separately by using different portions of the same 
information flow as a modulating signal. 

Preferably, a standard, digital phase modulation (PSK) 
is implemented in baseband in this system of modulation and 
the number of symbols or signals which form the constellation 
alphabet is increased by overlapping a digital amplitude 
modulation (ASK) which is synchronous with the bit flow, 
directly to a radiof requency . 

Advantageously, M discrete phase-shift levels in 
baseband and N discrete RF levels of amplitude can be used 
in the same system. 

The system of modulation according to the invention is 
effectively provided by means of a circuitry comprising in 
cascade a bit source, a digital phase modulator (PSK) in 
baseband and, in a single block, a voltage controlled 
oscillator, a multiplier and a power amplifier. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is now described in greater detail below, 
referring to the figures in the annexed drawing, wherein: 

Fig. 1 is a block diagram showing the circuitry to 
provide the system of modulation according to the invention; 

Fig. 2 shows an example of scheme or constellation, 
wherein the inventive system of modulation is realised, in 
the case of four phase levels and two amplitude levels; 

Fig. 3 shows another constellation, which is similar to 
the previous one in Fig. 2, but wherein an additional RF 
phase shift by 90° is introduced; and 
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Figs 4 and 5 show two other examples of constellations 
according to the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

The block diagram in Fig. 1 of the annexed drawings, 
showing a circuitry by means of which the inventive system of 
modulation is provided, comprises in cascade a bit source 1, 
a digital phase modulator (PSK) 2 in baseband and, in a 
single block, a voltage controlled oscillator 3, a multiplier 
4 and a power amplifier 5. 

A system of phase and amplitude modulation (PSK/ASK) of 
a single information flow is provided through the arrangement 
in Fig. 1, by separately performing a phase modulation in 
baseband in modulator 2 and an amplitude RF modulation in the 
block 3, 4, 5, by using discrete portions of the same 
information flow as modulating signal. 

More precisely, a digital standard base modulation (PSK) 
is implemented in baseband and the number of symbols or 
signals constituting the costellation alphabet is 
incremented, by overlapping a digital amplitude modulation 
(ASK) , that is synchronous to the bit flow, directly to RF. 

M discrete levels of baseband phase-shift and N discrete 
levels of RF amplitude can be used in the inventive system of 
modulation, conveniently providing substantially circular 
costellations . 

Referring to the diagram in Fig. 1, one can see that the 
inventive system of modulation does not need the 
implementation of a whole chain of linear transmission with a 
converter, but it is enough that the final RF amplifier 5 
ensures the linearity needed to perform the amplitude 
modulation on N levels (i.e. provides a back-off which is 
enough to such a purpose) . 

If reference is made to the system of orthogonal 
coordinates in ' Figs . 2 and 3 in a bidimensional space, that 
is characterised by two linearly independent functions Yi and 
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Y 2 , it is to be noticed that any arbitrary function can be 
expressed as a linear combination of said two functions. 

Therefore, the baseband signal can be expressed in the 

form: 

s(t) = ai*Yi + a 2 *Y 2 

while the digital passband modulated signal can be written 
as : 

s(t) = A(t)*cos [co Q t +<{> (t)] 

wherein co 0 is carrier frequency in rad/sec. 

Amplitude A(t) and phase <J>(t) can be easily expressed in 
terms of base independent functions Yi, Y 2 . 

It is also possible to draw the modulated signal in a 
bidimensional space Yi, Y 2 . 

Examples of the inventive system to increase channel 
capacity in the easy case of a baseband phase modulation and 
of a RF amplitude modulation are shown in the above Figs. 2 
to 5. 

Fig. 2 is a simple example of an inventive modulation 
scheme, with four phase levels and two amplitude levels. This 
constellation, which is substantially circular, can be 
provided by using the arrangement in Fig. 1, according to the 
invention . 

A constellation similar to the one represented in Fig. 2 
is shown in Fig. 3. It can also be provided by employing the 
arrangement of Fig. 1 according to the invention and an 
additional RF phase-shift by 90° is introduced therein. In 
this case, it is possible to increase the distance between 
the symbols, so as to improve the system features as for the 
bit error rate (BER) . 

Similarly, Figs. 4 and 5 are examples of substantially 
circular constellations, which are similar to the ones of 
Figs. 2 and 3 and can be provided according to the invention 
through a higher number of symbols or signals. 
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From above, it can be understood that this invention - 
by separately performing a phase modulation in baseband (PSK) 
and a RF amplitude modulation (ASK) on the final amplifier, 
and by using different portions of the same information flow 
as modulated signal - allows to provide a non-linear 
transmission chain, up to the final stage. The required 
output back-off is just the one allowing a RF amplitude 
modulation; also the requirements on phase noise are closer 
to the ones of a simple system of phase modulation than to 
the ones of a linear system of quadrature amplitude 
modulation . 

It is worth noting that - by using M levels of baseband 
phase-shift and N RF amplitude levels - it is possible to 
increase the spectral efficiency by a factor K 
(log 2 N) / (log 2 M) . 

Therefore, for instance, by a simple binary amplitude 
modulation, performed in RF, and with eight levels of 
baseband phase-shift, it is possible to double the number of 
signals from eight (3 bits/symbol) to sixteen (4 
bits/symbol) . An increase in spectral efficiency by 33% 
corresponds to that, however with a very small increase in 
system and hardware complexity. 

Since phase and amplitude are orthogonal parameters in a 
modulated signal, phase modulation and demodulation and 
amplitude modulation and demodulation can take place 
independently the one of the other. In case of a scheme of M- 
ASK/PSK, requirements of the portion of the system RF 
operating as for phase noise and amplitude linearity are less 
severe with respect to a traditional scheme of square 
constellation M-QASK. This increases reliability of 
performance of the system according to the invention and 
reduces its production costs. 

Flexibility is another important advantage of the 
inventive modulation system: it is possible to dynamically 
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choose between the sole phase modulation (PSK) and a 
combination of phase and amplitude modulation (i.e. between 
PSK and PSK/ASK) with the same hardware, in order to 
dynamically balance spectral and power efficiency. 

The kind of modulation can be advantageously developed 
in the future, since it is capable to operate directly from 
the baseband to radiof requency , with no need of intermediate 
frequency conversions; it is virtually possible that a 
digital circuit and a RF microwave circuit are available, 
without an intermediate analog frequency. 

As for demodulation, the system is still very simple: it 
is, indeed, enough to provide an envelope detector for 
recovery of amplitude information and a standard demodulator 
in baseband. 

It is understood that embodiments and/or modifications 
of the system of amplitude and phase modulation other than 
the ones described are possible remaining in the scope of 
this invention. For instance, the voltage controlled 
oscillator 3 in the block diagram of Fig. 1 could be 
substituted through another member, apt to generate or to re- 
generate the phase modulated signal. 
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CLAIMS 

1. System of phase and amplitude modulation (PSK/ASK) of 
a single information flow, characterised in that a phase 
modulation in baseband and a RF frequency modulation are 
performed separately by using different portions of the same 
information flow as a modulating signal. 

2- System of modulation as claimed in claim 1, wherein a 
standard, digital phase modulation (PSK) is implemented in 
baseband in this system of modulation and wherein the number 
of symbols or signals which form the constellation alphabet 
is increased by overlapping a digital amplitude modulation 
(ASK) which is synchronous with the bit flow, directly to a 
radio frequency . 

3. System of modulation as claimed in claim 1 and 2, 
wherein M discrete phase-shift levels in baseband and N 
discrete RF levels of amplitude can be used in the same 
system. 

4. System of modulation as claimed in any claim 1 to 3, 
which is provided by means of a circuitry comprising in 
cascade a bit source (1), a digital phase modulator (PSK) (2) 
in baseband and, in a single block, a voltage controlled 
oscillator (3), a multiplier (4) and a power amplifier (5). 
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